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INTRODUCTION. 
The remarkable, fundamental studies of Lord Rayleigh,  1 Pockels,  2 and Devaux  3 
opened a new field to physicists for the measurement of the dimensions of certain 
molecules.  They were  followed by  those  of Marcelin  4 and  of Langmuir  5 who 
brought the subject into the limelight in a paper in which Devaux's experiments 
are reproduced, a,  nd all his assumptions and results confirmed.  Devaux extended 
the  work  of  Miss  Pockels  and  of Lord  Raylelgh,  and  developed  experimental 
methods for the study of oil films which Langmuir quotes as being "beautiful in 
their  simplicity  and  remarkable  in  the  clearness  with  which  they  demonstrate 
the existence of monomoleeular oil films."  The experiments and calculations by 
which Devaux and Langmuir reached the dimensions of the molecules of oils, fats, 
or waxes are very simple.  A known weight of the substance is dissolved in benzene. 
A drop of this solution is placed on water.  It spreads, and the solvent (benzene) 
evaporates and leaves the monolayer of oil.  (For convenience, the writer proposes 
the term "monolayer" instead of monomolecular layer.)  The area covered by this 
layer is measured and, as the weight of the drop is known, the weight of oil divided 
by the total area gives its weight per square centimeter; hence, when the specific 
gravity of the substance is known, the thickness of the layer is readily obtained. 
If the specific gravity were equal to 1, the thickness in centimeters would evidently 
be equal  to the number of grams per unit of surface  (square centimeters).  Ob- 
1  Lord Rayleigh, Phil. Mag., 1899, xlviii, 331. 
2 Pockels, A., Nature, 1891, xliii, 437. 
3 Professor Devaux published a large number of papers between 1903 and 1914. 
A  review of his work was published  in  the Annual  Report of the  Smithsonian 
Institute  for 1913,  page  261.  Subsequent  papers  are: Devaux,  tI.,  Soc. Franc. 
Phys., 1914, lv, 3; lvil, 3; and quite recently, J. Phys. et Radium, 1923, iv, series 6, 
293. 
4 Marcelin, A., Ann. Phys., 1914, i, 19. 
5 Langmuir, I., J. Am. Chem. Soc., 1917, xxxix, 1848. 
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~¢iously, this method rests entirely on the possibility of obtaining  a monolayer, on 
the experimental evidence of its existence, and on the method devised to measure 
its area.  The problem was relatively simple as long as non-soluble substances were 
used,  since all  the molecules remained  at the surface  of the water.  But when 
soluble substances are dealt with, the problem is totally different.  However, one 
kind of soluble substances  (certain biological colloids) has been known to behave 
in a peculiar way on account of their lowering action on the surface energy of the 
solvent.  The  writer  has  shown  6,~  that an extremely  small  quantity  of  these 
substances  was sufficient to lower substantially  the surface  tension  of water,  in 
function of time, and moreover that, at a certain critical dilution, the value of the 
"time-drop"  (difference between  the initial  value and the value  after  2  hours) 
reached  a  maximum.  The discovery  and study of this  phenomenon  was  made 
possible by an  instrument  described  previously, s  In order  to account for this 
maximum,  the  assumption  was  made that,  at  this  concentration,  a  monolayer 
was formed.  Subsequently,  this  criterion  of the  existence of a  monolayer  was 
supported by experimental evidence. 9 
The  purpose  of  the  present  paper  is  to  attempt  to  calculate  the 
length of  some  colloidal  molecules, on the  basis  of  the  experiments 
and  the assumption just described. 
EXPERIMENTAL. 
The  method  for  measuring  the  surface  tension  was  the  same  as 
that  used previously, but an improvement was made which allowed 
the  solutions to  remain  absolutely undisturbed.  This  improvement 
is  described in another paper. 1° 
An attempt was first made to calculate the thickness of the mono- 
layer of blood serum and serum proteins.  For this purpose,  a  series 
of preliminary  experiments  was  required  to  ascertain  (1)  the  exact 
concentration  at  which the  maximum drop  took place;  (2)  whether 
the  serum  molecules  were  adsorbed  on  the  glass  as  well  as  in  the 
surface  layer;  (3)  the  specific gravity  of  dry  proteins;  and  (4)  the 
per  cent of proteins in liquid  serum. 
e du Noiiy, P. L., J. Exp. Med.,  1922, xxxv, 575. 
7 du Noiiy, P. L., J. Exp. Med.,  1922, xxxv, 707. 
s du Noiiy, P. L., J. Gen. Physiol.,  1918-19, i, 521. 
0 du Noiiy, P. L., J. Exp. Mcd.,  1924, xxxix, 717. 
~0 du Noiiy, P. L., J. Gen. Physiol.,  1923-24, vi, 625. P. LECOMTE  DU  NO~  135 
1.  Maximum  Drop.--A  series  of  very  careful  measurements  was 
made  with  the  technique heretofore  described, *.~. 9.n-is  using  the 
standard  watch-glasses  and  2  cc.  of  solution.  The  dilutions  were 
chosen to cover a  certain range on both sides of the concentration at 
which  the  maximum  time-drop  had  been thought  to occur; namely, 
1/10,000.  Thus,  the  series  of concentrations  studied  was:  1/7,000, 
1/8,000,  1/8,500  1/9,000,  1/9,500,  1/10,000,  1/10,500,  1/11,000, 
1/11,500,  1/12,000,  and  1/12,500.  The  results  obtained  with  the 
rabbit  serum  used  are given in Table I  and  Text-figs.  1 and  2.  It 
will be observed that the initial values were quite constant, and that 
the value of the maximum time-drop depends only on the value after 
2  hours.  This  observation  gives  considerable  weight  to  the  value 
of the quantity  termed  time-drop,  as a  criterion  of the  existence of 
a  monolayer. 
TABLE  I. 
Surface Tension and  Time-Drop of the Surface Tension of Serum  242. 
Temperature 23°C. 
December 28, 1923. 
1  1  I~  1  lo,~oo  1  1  1  1 
Zoncentr~tion.  8,000 8,.'  oo 9,00c 9,300 10.000  11.000  11.500 12~000 12~-500 
Initial value  .....  75/0 75/0 751C 75.0  75.5  75.3  7S.5  75.5  75.5  76.0 
Dynes.  (After2hrs .........  66.066.566.1363.5  65.5  61.0  60.0  65.13  65.5  66.0 
Fime-drop .....  9.0  8.5  9.13 11.5  10.0  14.5  15.s[ lO5  lOO  lO.O 
These  experiments  were  repeated  5  and  11  days  later  with  the 
same  serum,  under  the  same conditions.  The results will be found 
in  Table  II  and  Text-figs.  1 and  3,  and  Table  III  and  Text-figs.  1 
and 4. 
These  tables  show that  the maximum  drop  of this  serum  always 
occurred  at  a  concentration  of  1/11,000,  when  diluted  with  saline 
solution (NaC1 0.9 per cent). 
2.  Are Serum Molecules Adsorbed  on  the  Glass?--In  order  to  an- 
swer this  question, it was only necessary to observe the  shift of the 
maximum drop as a  function of the concentration in vessels differing 
tt du Noiiy, P. L., J. Exp. Med., 1923, xxxvii, 659. 
tt du Noiiy, P. L., J. Exp. Med., 1923, xxxviii, 87. 
du Noiiy, P. L., J. Exp. Med., 1924, xl, 129. 136  SURFACE  TENSION  OF  SERUM.  X 
from  our  standard  watch-glasses.  As  has  been  pointed  out  in  a 
previous  paper, 14  the  place  of  the  maximum  drop  depends  on  the 
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TExT-FIo. 1.  Maxi.ma of time-drop of serum solutions in watch-glasses. 
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TExT-FIG. 2.  Surface tension of serum  solutions in watch-glasses. 
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TEx~-FIo. 3.  Surface tension of serum solutions in watch-glasses.  Initial value 
and value after 2 hours. 
TzXT-FIO.  4.  Surface  tension  of  serum  solutions  in  watch-glasses.  Initial 
value and value after 2 hours. 
TABLE  II. 
Surface Tension and Time-Drop of the Surface Tension of Serum 242. 
Temperature 23°C. 
January 2,  1924. 
•  1  1  1  1  1  1 
Concentration ......................................  ~  10~  ~  I1~  11~  12,000 
D  [Initial value .....................  I 75.0  I 75.0  I 75.0  ~ 75.0  I 75.0  I 75.5 
ynes.~After2hrs ......................  58.0  58.0  57.5  56.0  57.5  58.5 
Time-drop ..............................  17.0  17.0  17.5  19.0  17.5  17.0 
TABLE  III. 
Surface Tension and Time-Drop of the Surface Tension of Serum 242. 
Temperature 23°C. 
January 8, 1924. 
I  1  1  1  1  1  1 
Concentration  .....  12,000  ......................................  9,500  10,000  10,500  11,000  11,500 
D  [Initialvalue .....................  I 75.5  I 75.5  I 75.5  I 75.5  I 75.5  t 76.0 
ynes.  ~After2hrs ......................  58.0  59.0  [ 58.5  56.0  58.0  60.5 
Time-drop  ..............................  I 17'sl  16511¢'0119.5[  175 I lS.S 138  SURFACE  TENSION  OF  SERUM.  X 
up  a  continuous monomolecular film  and  the  number  of molecules, 
i.e.  the  concentration, will have to be increased; in other words,  the 
maximum  will  be  shifted  toward  the  higher  concentrations.  The 
contrary will  happen if  the amount of liquid  is increased  with little 
S 
change in  the  surface.  The  ratio  ~  of  the  standard  watch-glasses 
26.4 
was very nearly  2  -  13.2, when the free surface, plus the  surface 
of  the  glass  wet  by  the  solutions,  was  taken  into  account.  The 
bottom of the watch-glass is  a  segment of a  sphere  whose radius  is 
7.2  cm.  Its  surface  equals  13.33  when  the  depth  of  the  liquid  is 
0.3  cm.  Two  series  of  experiments  were  made;  in  the  first,  the 
volume was unchanged (2  cc.) and the surface was increased, making 
S 
the  ratio  ~  larger  (a  shift  toward  the  higher  concentration was 
expected); and in the second,  the surface was little  chan~,ed and  the 
S 
volume increased  fourfold,  so  as  to  obtain  a  ratio  ~  smaller  and a 
shift  toward  the  lower  concentrations. 
First Series.--The  surface of the  glass  was  considerably increased 
by the addition of 500 small beads to the bottom of the watch-glass. 
These  beads  were, of  course,  cleaned  carefully  according  to  the  technique 
described previously. 7,1~  50 of these glass beads were measured with a micrometer 
caliper, in order to obtain a mean value for their  diameter.  The sum was 47.68 
which, divided by 50, gives a mean diameter of 0.952 ram.  The surface of such a 
bead was 0.02847 sq.  cm. which, multiplied by 500, gives 14.235 sq. cm.  Thissur- 
face,  added  to  the  existing area of glass (13.33 sq. cm.), brings it up to 27.56 sq. 
cm.  By adding the free surface of the liquid (13.08 sq.cm.), we obtain for the total 
S'  40.64 
surface of adsorption S r  =  40.64 sq. cm.  The  ratio ~  then  becomes  2  - 
20.32.  The concentration  at which the maximum  drop should occur,  if adsorp- 
tion takes  place on the glass, is  related  to  the concentration  at which the maxi- 
mum occurs without the beads (C = 1/11,000) by the following  equation, the volume 
S'  C' 
of the liquid being unchanged:  S  -  C  (C and  C'  being  the  concentrations). 
The value of C  r is found to be very nearly equal to 1/7,000.  Hence, in this case, 
the maximumdrop  should  occur  at  1/7,000,  if  adsorption  takes place on the 
glass, and at  1/11,000,  if  it  does  not.  Two  control  experiments  were always 
carried  on at  the  same  time, in  watch-glasses without beads.  Control  1 was P.  LECOMTE  DU  NO~  139 
made with  the  same  solution;  Control 2  with  another  series  of solutions  made 
separately,  but  from  the  same serum.  The results are given in Table IV and 
Text-figs.  5  to  8.  Only  one table  is published,  as  the  text-figures express  the 
phenomena in a  dearer and shorter way. 
TABLE  IV. 
Surface Tension and Time-Drop  of Serum Solutions in Saline in Standard Watch- 
Glasses. 
Serum  232. 
Concentration  ..............................  6,~-~ T IO~ ~.1,10~ 9,~-~ 10~0 ~1  ~1  ~1  ~I 
10,500  11,000  I1,500  12,000 
With 500 glass beads in watch-glasses. 
Initial value .......................  173.5175.0175,5 75.5  76.0]  76.01 76.01 76.01 76.0 
Value after 1 br  ...................  161  8160.061.0161.01  62.01 62.2[  62.2[  63,0[  62.2 
Time-~op ~1  ~  ................  111711~.0114 511451 140/13.8[  13.81 13.0[ 138 
Value after2Jars ............  60  559 0!60 060  5  60.5  61.8  61.8  61.8  61.0 
Time drop(2  "~  ................  113 01160E15 5115 ol 15~  142  142  142  150 
Control  1, without beads. 
Io~tlalvalue ......................  174 0i73 0173 5i73 5  7~51  73.01 76.01 7351  735 
Value after I hr  62  060  559 0r59 0  60.5 / 59.01 58.0[ 58.01 59.0  ...............  '  ....  /  "  [  '  " 
Time-drop(1  "  ) .................  12.012.514.514.5  15.0 t  14.01 18.01 15.51 14.5 
Value after3hrs ...................  60.0158.0158.058.0  58.5  58.5  57.5!  57.5  58.0 
Time-drop (3  "  ) .................  14.0 15,0i15.5115.5}  17.5  15.0  18.5] 17.0  15.5 
Control  2,  without  beads. 
Initial value ..................... 
Value after 1 hr  .................. 
Time-drop (1  "  ) ................ 
Value after 3 hrs .................. 
Time-drop (3  "  ) ................. 
75.0 74 
59.0159 
i16.0 14 
!58.5 58 
16.5 15 
5{75 ot 75.51 
ol59.o I 6o.0 
.5116.0[  15.5 
,558.5  58.5 
.016.5  17.0 
76.0[ 
58 .o I 
18.0 I 
S7.5 
18.5 
75.5 
60.5 
15.0 
59.0 
14.5 
Although  the  differences  are  small,  the  maximum  is  undoubtedly 
shifted  from  1/11,000  to  1/7,000  by  the  presence  of  the  beads,  in- 
dicating  that  adsorption  takes  place  on  the  glass.  As  pointed  out 
above,  the  time-drop  in  this  case  can  be replaced  by  the  value  after 
2 hours.  The initial value is always near 75 dynes,  and is represented 
by a  straight line, in a  perfect experiment.  In one case  (Serum  252), 
the  maximum  with  beads  was  at  1/9,000.  However,  this  does  not 140  SURFACE  TENSION  OF  SERUM.  x 
affect the  conclusions,  as it may be due to some experimental  error 
and the essential fact, namely the absence of a maximum at 1/11,000, 
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TEXT-FIG.  5.  Time-drop of serum  solutions in  watch-glasses with  beads and 
without beads  (controls).  Experiment made  in order to  show  that adsorption 
takes place on the glass. 
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TExT-FIe. 6.  Surface tension of serum solutions in  watch-glasses with  beads 
and without beads (controls).  Experiment made in order to show that adsorption 
takes place on the glass. 
is  quite  clear.  These  experiments  are  extremely  delicate  and  re- 
quire great  care.  The monolayer is very fragile,  and  the difference P. LECOMTE  DU NOUY  141 
is  relatively  small  between  the  number  of  adsorbed  molecules  at 
1/10,000 and at 1/11,000.  What is actually measured at the second 
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TEXT-Fro. 7.  Time-drop of serum solutions in watch-glasses with  beads  and 
without beads  (controls).  Experiment made in order to  show  that  adsorption 
takes place on the glass. 
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TEXT-FIo. 8.  Time-drop of serum solutions in watch-glasses with  beads  and 
Experiment  made in order to show that  adsorption 
reading,  after  1  or  2  hours,  is  the  difference in  the  stress  between 
three  different  sorts  of layers:  (1)  the  perfect  monolayer,  with  the 142  SURFACE  TENSION  O1  ~  SERUM.  X 
minimum  stress at a  well defined dilution;  (2)  the  monolayer  under- 
laid  or reinforced by patches of another  layer of molecules;  and  (3) 
the  residue of the  continuous  monolayer when  it is  broken  up  into 
floating  tables,  with  free water  canals  between  them,  like  the  floe 
of  an  ice-field  after  the  break-up.  On  both  sides  of  the  perfect, 
continuous  monolayer,  the  surface  tension  is  slightly  higher.  But 
on  the  side of the  higher  concentration,  its  value is practically  the 
same,  from  1/11,000  to  1/10  (the  smaller  time-drop  being  due  to 
the  decreasing  values  of  the  initial  surface  tension),  while  on  the 
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TExT-FIG. 9.  Surface tension of serum solutions.  Initial  values and values 
after 2 hours. 
side  of  the  lower  concentration,  its  value  increases  rapidly.  A  set 
of curves representin~ the perfect phenomenon is given in Text-fig. 9. 
A  thorough investigation  of the surface tension of solutions on both 
sides  of the  critical  value  1/11,000  is  now being made  in  this  lab- 
oratory. 
Second  Series.--In  this  series  of  measurements,  the  volume  of 
liquid  was  changed,  while  the  free  surface  remained  the  same  and 
the  glass  surface was increased  as  little  as  possible.  Of  course,  as 
the  number  of  molecules  was  increased  (four  times,  as  8  cc.  were P.  LECOMTE  DU  NOUY  143 
used),  lower concentrations  had  to be prepared,  so that  every mole- 
cule  could find a  place  on the adsorbed  layer,  and  no free molecules 
could exist in the bulk  of the  solution. 
Petri dishes 4 cm. 4- 0.05 cm. in diameter were chosen.  The depth of the liquid, 
when the dishes were filled with 8 cc. o[ solution, was about 0.63  cm.  The total 
surface of adsorption, including glass, was 33.1 sq. cm., and the surface of the liquid, 
as in the watch-glasses, 13.08  sq. cm.  If it is assumed that there is adsorption on 
S  33.1 
the glass, the ratio,  R'  =  ~, was  equal  to ~-  =  4.15,  roughly  4.  In  the 
13.08 
other  case  (adsorption  on  the  free  surface  only),  it  was  equal  to~--- 
=  1.63.  In the first case (R'  =  4),  the  maximum  time-drop should take  place 
26.4 
at a  concentration  determined  as follows  (R  =  watch-glass ratio  ~  =  13.2): 
1 
R'  C'  4.0  x  1  1 
=  ~-,  i.  ~.  13.-~  =  1  '  whence  -  - 
x  35,000 
11,000 
In the second case (no adsorption on the  glass),  the surface being the same as 
in  the  watch-glasses,  and  the volume  V  being increased  fourfold,  the  concen- 
tration  should  be  four  times  smaller;  namely,  1/44,000.  Hence,  if  there  is 
adsorption on the glass,  the maximum should occur at  1/35,000; if there is no 
adsorption,  at  1/44,000.  As  the  thickness  of the liquid was much greater than 
in watch-glasses, more time was allowed to elapse between the two measurements 
of surface tension. 
The results  of the readings after 21 hours are given in Text-fig.  10. 
A  sharp minimum is seen at 1/35,000, in conformity with our assump- 
tion.  On  account  of  the  still  greater  difficulty  of  these  measure- 
ments,  as  the  surface  of  a  larger  mass  of  liquid  will  not  remain 
immobile,  the  values  of  the  initial  surface  tension  were  not  quite 
constant,  and  only  the  values  after  21  hours,  on  which  rests  the 
criterion  of the  existence  of the monolayer,  are published. 
The  two  series  of experiments  reported  above  show  that  adsorp- 
tion  takes  place  on  the  glass  as well  as  on  the  free surface.  More- 
over,  as  the  place  of the  calculated  maxima  coincides  satisfactorily 
with the concentration observed, it may be concluded that the orienta- 
tion  of  the  molecules  is  probably  the  same  when  adsorbed  on  the 144  SURFACE  TENSION  OF SERUM.  X 
glass and on the free surface.  Otherwise,  the occupied area would 
be different unless the molecules had undergone a rotation of 190  ° in a 
plane  perpendicular  to  the  surface.  As  it  is  more  reasonable  to 
think that the carboxyl groups are always drawn toward the water, 
it may be assumed that there is no change in orientation. 
3.  Specific  Gravity  of Anhydrous Proteins.--A  sample of the serum 
used was dialyzed during 4  days, to deprive it of its salts.  Then it 
was  dried  in  a  desiccator,  and  the  resulting flakes were  placed  in 
different mixtures of benzene and chloroform.  The specific gravity 
of  the  mixture in  which  the  flakes floated without moving up  or 
down was found to be 1.275, which was, therefore, the specific gravity 
of the proteins.  Three sera gave the same value. 
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TExT-FIG. 10.  Surface tension of serum solutions in Petri dishes. 
4.  Percentage o/Proteins in Rabbit Serum.--The  percentage of pro- 
teins in the serum was determined by the Kjeldahl method (nitrogen 
titration) and found equal to 6.51  per cent.  This figure is in good 
accord  with  the  data  published  by  Mathews  15  and  Arthus  I~  (total 
nitrogen,  1.080  per  cent; non-protein nitrogen, 0.038  per  cent). 
Calculation  of the  Thickness  of the Adsorbed  Layer.--The  calcula- 
tion is made in the following way? 7 
15 Mathews, A. P.,  Physiological chemistry, New  York, 2nd  edition, 1916, 
461-463. 
16 Arthus, M., Pr6cis de chimie  physiologique,  Paris, 5th edition, 1908, 147. 
lVIn all  the following  calculations, it has been assumed that the increase in 
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The serum contains 6.51 per cent of proteins, and is diluted 11,000 
times  (maximum drop  at  1/11,000).  The final dilution of the dry 
substance is 1/168,000.  2 cc. of the solution are used in every watch- 
2 
glass,  that is  -  0.0000119  gm.  of  protein per  water-glass. 
168,000 
This weight of proteins  (11.9  ×  10 -8 gm.) is spread evenly, accord- 
ing to the hypothesis, on an area of 26.4 sq. cm. (monolayer).  Thus, 
the  weight of proteins  per  sq.  cm.  will be  11.9  X  10 -8  :  26.4  = 
4.51  X  10 -7  gm.  If the  specific gravity of these  substances  were 
TABLE  V. 
Dimensions of Some Organic Molecules. 
Palmitic acid .... 
rristearin .... 
31eic acid.. 
rriolein. 
Cetyl palmitate ...... 
Myricyl alcohol. 
Egg albumin, crystalline; wate~ 
solution  pH  6.8;  assumed 
molecular  weight  34,00C 
(du Nofiy)... 
Cross-sectlon. 
sq. cm. 
21  X  10 -16 
66  X  10 -16 
46  X  10  -16 
126 X  10 -1. 
23  X  10  -16 
27  X  10  -16 
1930 X  10 -16 
w/Cross-section. 
4.6  X  10 -8 
8.1  X  10 -s 
6.8  X  10 -8 
11.2  X  10 -8 
4.8  X  10  -a 
5.2  X  10  -s 
29.2  X  10  -a 
Length. 
cm. 
24.0  X  I0  -s 
25.0  X  I0  -s 
ii.2  X  I0  -s 
13.0  X  I0  -s 
41.0  X  10  -8 
41.0  X  10  -8 
.52.8 ×  I0  -s 
5.20 
3.10 
1.65 
1.16 
8.55 
7.90 
1.70 
equal  to  1,  the  thickness  of the monolayer would be  4.51  X  10  -7 
cm.  But it is  equal to  1.275;  consequently, 4.51  X  10 -7  must be 
divided by 1.275,  and we obtain 3.54  X  10 -7 cm., or  3.54 u~ for the 
thickness  of  the  monolayer of  total  proteins  in  this  serum.  This 
figure represents the mean value of the length of albumin and glob- 
ulin  molecules.  The  thickness  of the  monolayer of  a  total  serum 
(including  amino  acids)  was  found  to  be  4.05  X  10 -~  cm.  The 
determination of the length  of  serum  albumin and  serum  globulin 
molecules  separately  is  now  being  undertaken  in  this  laboratory. 146  SURFACE TENSION  OF  SERUM.  X 
It  may  be  of  interest  to  mention  the  fact  that  the  same  method 
applied  to  the  determination  of the  size of fresh egg albumin  (crys- 
talline)  in  water,  with  a  pH  of 6.8,  prepared  by  Dr.  Baker  in  this 
laboratory,  yielded  the  following  results:  length,  5.28  ×  10 -7  or 
52.8  ×  10 -~cm.;  and  the  x/cross-section  (which  is  the  width  or 
very nearly the average diameter of the molecule), if SSrensen's prob- 
able value of 34,000  for the molecular weight is taken,  was found to 
be  2.92  ×  10 -7  cm.  If  the  molecular  weight  is  taken  as  15,703, ~s 
the  x/cross-section  becomes 2.0  ×  10 -7. 
To  show  how  these  dimensions  compare  with  those  of  some  in- 
soluble  organic  molecules,  a  few  figures  taken  from  Langmuir's  5 
paper are given  here,  together with  the  writer's estimate  of the  size 
of the egg albumin molecule, and  other  data. 
TABLE VI. 
Diameter of Some Colloidal Particles (Metallic Colloids). 
Gold  ............................................ 
Silver  .......................................... 
Platinum ....................................... 
Wave-length of violet light ....................... 
60-1,300  X  10  -s cm. 
500-7,700 X  10  -s  " 
440  X  10  -s  " 
4,000  X  10  -s  " 
DISCUSSION AND  CRITICISM. 
The  value  obtained  by  the  method  here  outlined  for  the  mean 
thickness  of  the  monolayer  of  serum  is  exact.  But  whether  this 
dimension  represents  the  mean  length  of  the  individual  molecules 
composing the  serum  depends  on  the  value  of  the  criterion  for  the 
existence of a monolayer at this concentration; namely, the minimum 
value  of  the  surface  tension  after  a  certain  time,  or  the  maximum 
time-drop, t9  The dimensions  of  the  albumin  molecule,  as  given  in 
is Mathews, A. P., Physiological  chemistry, New York, 2nd edition, 1916, 139. 
19 Since this  paper was written,  experiments carried out  along identical lines 
with  sodium oleate have shown  beyond doubt  that  all  the  assumptions  con- 
cerning  the  existence  of  the  true  solution,  of the monolayer, and  of  the  ad- 
sorption on  the glass were correct.  For the first time, it has been possible  to 
measure  accurately,  not  only  the length, but  also  the  two  other  dimensions 
of a  molecule  (Sodium  oleate)  (du Noiiy, P.  L.,  Phil.  Mag.,  1924 (in  press): 
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Table  V,  also  depend  on  the  correctness  of  this  assumption.  The 
experimental data in favor of it have already been mentioned.  They 
are  the  occurrence  of  a  maximum  time-drop,  corresponding  to  a 
well defined minimum  value of the surface tension,  and the decrease 
in the rate of evaporation of the solutions at a  certain concentration, 
phenomena  which  strongly  support  ,the hypothesis  of  an  organized 
layer  at  this  concentration.  Another  fact  can  now  be  added,  the 
clear  shift  of  the  maximum  drop  when  the  surface  adsorption  is 
increased.  And finally should be mentioned the striking circumstance 
Surface 
of the value of the ratio Volume in the case of capillary vessels filled 
with cells, precisely of that order of magnitude which would require 
absolutely pure  plasma,  such  as  exists  in  the  circulation,  to  build 
up a  monolayer on the walls of the capillaries and cells. 14 
The  value  as  evidence of the  maximum  time-drop,  on which  the 
writer  originally  based  his  assumption  of  the  existence  of a  mono- 
layer, ~ has been considerably increased by the discovery of the sharp 
minimum  value of the surface tension after  2  hours,  which  a  closer 
study  of  the  phenomenon  has  revealed  (Text-fig.  9).  The  weak- 
ness of the conception of the maximum drop had been its dependence 
upon the value of the initial  surface tension.  The later experiments 
have  shown  that  it  corresponds  to  an  actual  critical  value  of  the 
surface tension after  2 hours,  which can be readily explained by the 
formation  of a  monolayer at  this  concentration.  Indeed,  it is  easy 
to understand  how such a  layer, in which no forces exist save those 
surrounding  the upper part  of the  adsorbed molecules, will produce 
a  minimum  field  of  forces.  It  is  only when  the  molecules  are  al- 
lowed to wander undisturbed  from  the bulk  of the solution,  and  to 
distribute  themselves  on  a  perfectly free surface,  that  such  a  layer 
can  be fol'med.  S,upposing  that  the  solution  is  slightly  shaken,  or 
that some microscopic particle of dust floats at its surface, or simply 
that,  for some unknown  cause,  a  few molecules lie horizontally,  in- 
stead of vertically, then the minimum  surface tension will neverthe- 
less be found at the same concentration  exactly, presumably because 
the differences existing between the length and width of these mole- 
cules are  so small  (ratio,  Length  _  1.7,  in  the  case of  albumin,  as 
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shown in Table V).  Yet under such circumstances  the value of the 
tension may differ materially,  as shown by experiments.  It is quite 
obvious  that,  if  the  molecules  were  spherical,  which  is  difficult  to 
admit on a  purely chemical basis, such changes would be impossible 
to account for, as their field of forces would be spherical, hence, iden- 
tical in all directions. 
All the preceding  considerations  are strongly in favor of the  con- 
ception  of  the  existence  of  a  monolayer  at  a  concentration  of  ap- 
proximately  1/11,000  for rabbit  serum  (corresponding  to  a  dilution 
of  the  proteins  to  1/168,000),  and  at  1/117,500  for  egg  albumin 
(crystalline,  pH  6.8).  This  gives  35.4  ×  10  -8  cm.  for  the  mean 
value of the length of the molecules of proteins (albumin and globulin) 
of the rabbit serum,  and  about 53  ×  10  -8 cm.  for the mean length 
of  the  egg  albumin  molecule.  As  the  molecular  weight  of  these 
substances is only assumed, the writer does not wish to lay emphasis 
on  the  values of the  possible cross-section of these molecules.  Ex- 
periments  are  under  way in  this  laboratory  to  determine,  by  the 
method  already  described, the thickness of the monolayer of serum 
albumin and of serum globulin,  and  the differences which may exist 
between the molecules of normal and of immune serum. 
It may be objected that  the fatty acids and  cholesterol contained 
in  the  serum  play  an  important  part  in  the  time-drop.  But  it  is 
very probable  that  the  substances,  which  are  normally  not  soluble 
in water, are part of the molecules adsorbed in the surface and have 
no  independent  action  on  the  surface  tension  of  the  water.  As  a 
matter of fact, solutions of pure crystalline serum and egg albumins, 
and  globulins,  entirely  devoid  of  fats,  give  practically  the  same 
values for the time-drop as the total serum  (12  to 16 dynes). 
SUMMARY. 
An attempt  was made to apply the assumption  that  a  monolayer 
of serum exists at a  certain dilution,  in order to calculate the thick- 
ness  of this  layer or,  that  is  to  say,  the  mean  value  of one  of the 
dimensions  of  the  molecules  of  the  serum  proteins.  The  criterion 
taken  for the  existence of such a  monolayer was the  existence at  a 
given concentration  (1/11,000 for rabbit serum)  of a  maximum  drop 
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A  series of preliminary experiments showed: 
1.  That the maximum drop in 2 hours took place, for the material 
used, at a concentration of 1/11,000,  and that it always corresponded 
to an absolute minimum value of the surface tension of the solution, 
this minimum being quite sharp and well defined. 
2.  That adsorption took place on the glass as well as on the free 
surface of the liquid, and that apparelltly the same part of the mole- 
cule, in both cases, was drawn toward the water. 
3.  That the specific gravity of the anhydrous proteins of the rab- 
bit  serum  studied  was  1.275,  whence  it  followed,  on  the  basis  of 
6.51  per cent protein content, that the mean thickness of the pro- 
tein molecules was 35.4  X  10 -8 cm.  The same method applied to 
crystalline egg  albumin,  pH  6.8,  in  water,  gave  52.8  X  10 -s  cm. 
for the probable molecular length. 